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Sho64-57107 

Title of Invention: 

Film Thickness Distribution Measurement Method and 
Apparatus Therefor 
What Is Claimed Is: 

1. A film thickness distribution measurement method, 
comprising [the steps of] irradiating light from a 
multiwave length oscillating interference light source 
onto a film being measured with a two-dimensional 
distribution, wavelength-dividing the two-dimensional 
interference pattern created by interference within the 
film into N wavelength components and individually 
detecting them, comparing the intensity distribution of 
the two-dimensional interference pattern related to the 
N detected wavelength components to the relationship 
between film thickness and interference pattern 
intensity that was derived beforehand with said N 
wavelengths as a parameter, 

and finding the two-dimensional film thickness 
distribution of the film being measured. 
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2. A film thickness distribution measurement method 
according to claim 1, wherein three types of 
wavelengths are used as said N wavelengths . 

3 . A film thickness distribution measurement method 
according to claim 1, wherein the intensity 
distribution of the two-dimensional interference 
pattern related to said N detected wavelength 
components is corrected to match fluctuations in the 
output of said multiwave length oscillating interference 
light source. 

4. A film thickness distribution measurement apparatus, 
comprising a multiwavelength oscillating interference 
light source, an irradiation means for irradiating 
light from the multiwavelength oscillating interference 
light source onto a film being measured with a two- 
dimensional distribution, a wavelength splitter means 
for splitting the two-dimensional interference pattern 
created by interference within the film into 
interference patterns relating to N wavelength 
components, a detection means for individually 
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detecting the intensity distribution of the split N 
two-dimensional interference patterns, and a 
calculation means for comparing the intensity 
distribution of the two-dimensional interference 
pattern related to the N detected wavelength components 
to the relationship between film thickness and 
interference pattern intensity that was derived 
beforehand with said N wavelengths as a parameter and 
calculating the two-dimensional film thickness 
distribution of the film being measured 

5. A film thickness distribution measurement apparatus 
according to claim 4, wherein three types of 
wavelengths are used as said N wavelengths. 

6. A film thickness distribution measurement apparatus 
according to claim 4, wherein the intensity 
distribution of the two-dimensional interference 
pattern related to said N detected wavelength 
components is corrected to match fluctuations in the 
output of said multiwave length oscillating interference 
light source. 
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[portion omitted] 
[Prior Art] 

Two systems have conventionally been known as film 
thickness measurement means; they utilize light 
interference and polarization. In the former, as shown in 
FIG . 15 for example, first, white light 51 from a white 
light source 50 irradiates a sample 1' via a half mirror 52 
and objective lens 53. Next, white interference light 54 
[created by] interference within the sample 1' film 
irradiates a photoelectric amplifier tube 59 via a 
diffraction grating 55, mirrors 56 and 57, and pinhole 58. 
Here, the diffraction grating 55 is inclined bit by bit, 
the white interference light 54 is wavelength- scanned, and 
the interference intensity at each wavelength is monitored 
by the photoelectric amplifier tube 59. Then the film 
thickness is found from the wavelengths at the two 
interference intensity peaks. 

[portion omitted] 

The multiwavelength oscillating interference light 
source is one that simultaneously creates a two-dimensional 
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interference pattern due to interference within the film 
for N wavelength components . The wavelength selection 
optical system is one that divides these interference 
patterns into N wavelength components. The two-dimensional 
detection optical system is one that detects these N 
interference patterns in a two-dimensional state. If the 
interference intensity at each point in a detected two- 
dimensional interference pattern is compared to the 
relationship between film thickness and interference 
intensity that was previously derived with the aforesaid N 
wavelengths as a parameter, ultimately the two-dimensional 
film thickness distribution can be obtained. 
[portion omitted] 

FIG. 3 is a drawing showing one embodiment of the 
present invention. In this embodiment a multi-oscillating 
Ar laser is used as the multiwave length oscillating 
interference light source 10. Light 11 emitted from the Ar 
laser is widened to the desired beam diameter by a beam 
widening optical system 12, then passes through a 
convergence lens 13, and is split into two light paths 50 

Shibata Language Services • 1450 NW 5th CT • Gresham OR 97030 
TEL: (503) 666-4327 ♦ FAX: (503) 661-3141 
E-mail: shibatalanguage@compuserve.com 



Page : 6 

Japanese English Patent Application No.: 64-57107 

Klarquist, Sparkman, LLP Ref. No. 4641-59261 

and 51 by a beam splitter 14. The beam split onto the 
light path 50 passes through an objective lens 15 and 
irradiates a wafer 1' coated with a photoresist 2. 
Reflected light 4 from the surface of the photoresist 2 and 
reflected light 5 from the boundary between the photoresist 
2 and a base substrate 1 interfere and create a two- 
dimensional interference pattern. This interference 
pattern is detected by the objective lens 15; it passes 
through the beam splitter 14 and then is split into two 
light paths 52 and 53 by a beam splitter 17, Furthermore, 
the objective lens' NA is 0.6. Therefore, if the central 
wavelength X of the Ar laser is 0.5 ym, the detection 
resolution is about 0.5 ]am (0.6 Vna) * The interference 
pattern split onto the light path 52 is focused on a two- 
dimensional solid-state imaging element 19a by a focusing 
lens 18a, and then is output to a TV monitor 20. 

The interference pattern split onto the other light 
path 53 by the beam splitter 17 is wavelength-divided into 
interference patterns pertaining to N wavelength components 
by a wavelength selection optical system consisting of 
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wavelength selection mirrors 21, 23, and 25, which are 
dichroic mirrors or the like and have the wavelength 
characteristics shown in FIGS. 4(a), (b) , and (c) 
respectively, and interference filters 22, 24, and 26, 
which have the wavelength characteristics shown in FIGS. 
5(a), (b) , and (c) respectively. Furthermore, this 
embodiment uses three types of wavelengths - X^, A^, A, 3 - 

as the N wavelengths. These three wavelength-divided 
interference patterns are focused on two-dimensional solid- 
state imaging elements 19b, 19c, and 19d by focusing lenses 
18b, 18c, and 18d respectively. 

FIG. 6 shows the coating state of the photoresist 2 on 
the patterned wafer 1 ' corresponding to the focus plane of 
each two-dimensional solid-state imaging element 19b, 19c, 
and 19d, i.e. in the detection field of view. In addition, 
FIGS. 7(a), (b) , and (c) are each of the three wavelength- 
divided two-dimensional interference patterns 35, 36, and 
37 focused on the focus plane of each two-dimensional 
solid-state imaging element 19b, 19c, and 19d, i.e. in the 
detection field of view. Of course, the thickness of the 
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photoresist film is different at the circuit pattern 60 
portion and its surrounding parts, so the interference 
intensity also differs. Also, differences due to 
wavelength differences appear clearly in the intensity 
distribution of each interference pattern 35, 36, and 37. 

These three focused interference patterns 35, 36, and 
37 are photoelectrically converted and sent to a 
preprocessing circuit 27 as interference pattern intensity 
signals. The preprocessing circuit 27 samples the three 
interference pattern intensity signals at a fixed cycle, 
after which they are AD converted, pass through a computer 
28, and are stored in an external memory 29. 

[portion omitted] 

In this embodiment, the following two means are 

employed as means for finding the film thickness 

distribution d(x,y) of the photoresist 2 from the 

interference pattern intensity signals relating to the 

three detected wavelengths. 

The first means is to first find in advance the 
intensity 1^ of reflected light 4 from the surface of the 
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photoresist 2 and the intensity I 2 of reflected light 5 
from the boundary between the photoresist 2 and base 
substrate 1 based on the refractive indices of air, 
photoresist 2, and base substrate 1. 1^ and I 2 are 
substituted in equation (1) and wavelength becomes a 

parameter as shown in FIG. 8. The relationship between 
resist film thickness and interference pattern intensity 
I ti (d n ) is found, this is converted into a table as shown 
in FIG. 9, and is stored in the external memory 29 in 
advance . 

[See equation (1) from page 52] 
where i = 1 , 2 , 3 

n r : refractive index of photoresist 

Therefore, the film thickness of the photoresist 2 at 
each location in the detection field of view shown in FIG. 
6 can easily be found by comparing the intensity data for 
each position in the two-dimensional interference pattern 
stored in the external memory 29 with the table shown in 
FIG. 9 and similarly stored in the external memory 29. 
[portion omitted] 
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The second means is to first convert Iti^^n^ anc ^ ^n -*- n 
equation (1) into y m ) and d respectively, and find 

equation (6) . 

[See equation (6) from page 52] 

where i = 1, 2, 3 

When intensities I Itl i(x m/ y m ) / I^^y^, and I m3 (x m/ y m ) 

for the interference patterns at an arbitrary location 38 
(x m ,y m ) in the detection field of view of two-dimensional 

solid-state imaging elements 19b, 19c, and 19d shown in 
FIGS. 7(a), (b) , and (c) are respectively inserted in 
equation (6), a more than one d corresponds to each 
interference pattern intensity, as shown in FIG. 10. The 
respective values of d are: 

^11' ^ml2' ^13' - dmli for ^l^'^m*' 

^21' d m22' d m23' - for ^2^'^)' 

^31' d m32' d m33' - for ^^'^m)* 

Then the following equation values are found for i x j 
x k combinations. 

[See equation (7) from page 52] 
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The combination in ~ x j ^ k that produces the 
smallest d is found, and in this the value of I m i(x m ,y m ) 
that is closest to I 1 + I 2 is to become the photoresist 
film thickness at the arbitrary location 38 (x m ,y m ) in the 
detection field of view shown in FIGS. 7(a), (b) , and (c) . 

[portion omitted] 

* * * 

While all translations are carefully prepared and reviewed, 
please note that liability for incidental or consequential 
damages occasioned by omissions, additions, or differences 
of interpretation shall not exceed the translation fee. 
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